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Anticraving Medications for Relapse Prevention: 
A Possible New Class of Psychoactive Medications

Charles P. O’Brien, M.D., Ph.D. Psychiatrists have gradually developed a
list of medications that are effective in the
treatment of addictive disorders. Al-
though alcoholism has received the most
attention, nicotine, heroin, and cocaine
have all been shown to be influenced by
heredity. Of course, the immediate goal is
the reduction of drug craving and the pre-
vention of relapse to compulsive drug tak-
ing. A medication that can aid in the
maintenance of the opiate-free state is
naltrexone, a specific opiate antagonist.
Naltrexone is also a good example of an
anticraving medication used in the treat-
ment of alcoholism. Clinicians currently
have two types of medication to aid in the
treatment of tobacco use disorder, argu-
ably the most important addiction. Bu-

propion and nicotine replacement can be
given in a coordinated fashion to provide
the best available results. At present, no
medication is approved by the Food and
Drug Administration for the indication of
cocaine addiction. Recently, however, five
different medications, already approved
for other purposes, have been found to
be effective among cocaine addicts. De-
spite clinical trials that show benefit, anti-
craving medications are not well known
and are underused by clinicians. Addic-
tion is a heterogeneous condition, with
variability in reactivity to the drug of
abuse and to the medications available to
treat it. Recent developments in pharma-
cogenetics may result in improved selec-
tion of medications based on genotype.

(Am J Psychiatry 2005; 162:1423–1431)

All psychiatrists are familiar with antipsychotic, anti-
anxiety, and antidepressant medications, whose origins
date to the 1950s. We who have been in the field since the
early days of psychoactive medications will recall that
there were real questions in the 1960s about whether these
medications were specific treatments or just sedating
agents. More recently, we have come to rely on medica-
tions that are effective against bipolar disorder, phobias,
posttraumatic stress disorder, and obsessive-compulsive
disorder. Although most psychiatrists would now agree on
the specificity of these medications, it took time and mul-
tiple randomized, controlled trials for clinicians to be-
come convinced.

Over the past 25 years, we have gradually developed a
list of medications that have been found in randomized,
controlled trials to be effective in the treatment of addic-
tive disorders. The immediate goal is the reduction of drug
craving and the prevention of relapse to compulsive drug
taking. The number of such medications is increasing,
with an additional one (acamprosate) approved by the
Food and Drug Administration (FDA) in 2004 joining bu-
prenorphine, which became available to clinicians in
2002. Still, many psychiatrists are not aware that medica-
tions are effective in the treatment of addictive disorders.
Some still subscribe to the adage, “You can’t treat a drug
problem with a drug.”

Detoxification of drug-dependent patients is noncon-
troversial, time-limited, and easy to understand. The pa-
tient is simply given a medication in the same category as

the drug of dependence, and withdrawal symptoms are
blocked. Then the medication can be gradually reduced at
a rate determined by the half-life of the drug of depen-
dence. Evidence has not been presented to show that
long-term outcome after very rapid detoxification under
general anesthesia is more effective than detoxification
over days (1). Thus, opiate withdrawal symptoms can be
treated by methadone or buprenorphine, and nicotine
withdrawal can be treated with a nicotine patch. Another
approach to opiate withdrawal is to block brain pathways
involved in producing the symptoms with a medication
such as clonidine or lofexidine (2). Lofexidine is not yet
available in the United States, but it is widely used in the
United Kingdom as a nonopiate medication for opiate
withdrawal.

Addiction, however, is a chronic condition, and the
changes in brain pathways created by years of drug use do
not revert to normal when the body is cleansed of the
drug. Thus, long-term treatment beyond detoxification is
usually necessary. Because of the chronic nature of addic-
tion, with relapses and remissions and a strong genetic
component, we have compared it to other chronic dis-
eases, such as diabetes and hypertension (3).

Relapse-Prevention Psychotherapies

Although the focus of this section is medications, I must
state that medications are most effective in the context of
psychotherapy or counseling. A variety of psychothera-
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peutic and behavioral techniques have been developed
for the prevention of relapse (4, 5). Still, even the best be-
havioral programs, aided by self-help movements such as
Alcoholics Anonymous, have a high rate of relapse. This
article will not review the extensive literature on manual-
ized relapse-prevention psychotherapy approaches, in-
cluding supportive expressive, cognitive behavior, motiva-
tion enhancement, and others (e.g., references 6, 7). It is
important to note, however, that none of these psycho-
therapeutic approaches conflicts in any way with the use
of medication to further reduce the probability of relapse.
Indeed, the course of addiction can be so devastating that
the therapist should take advantage of all available means
to improve the likelihood of a successful outcome for the
patient. Unfortunately, medications are sometimes dis-
paraged as a “crutch,” and the patient is encouraged to re-
main totally “drug free.”

Medications to Prevent Relapse

There is now a range of medications available for each of
the major classes of addictive drugs: alcohol, opiates,
stimulants, and nicotine. In each case, there is evidence
that, in combination with psychotherapy or counseling,
they can reduce the likelihood of relapse. A list of such
medications is shown in Table 1.

Opiate Addiction

Since relapse after a period of abstinence is so common,
one approach to treatment has been to simply maintain
the patient with a medication in the same pharmacologi-
cal category as the prior drug of dependence. This strategy
has been found to be very effective for opiate addiction,
where maintenance with methadone or buprenorphine
can enable the former addict to function normally with lit-
tle or no drug craving. One can argue that the opiate ad-
dict has a deficiency in the endogenous opioid system
such that he or she feels uncomfortable without the help
of prescribed opioids. In this model, methadone is analo-
gous to prednisone for adrenal insufficiency or thyroxine

for thyroid insufficiency. Although it is not yet possible to
measure the integrity of the endogenous opioid system as
we can for the adrenal or thyroid systems, there are clini-
cal findings that support this scenario. Perhaps the best
data are the numbers of former heroin addicts who are
able to lead successful lives while being maintained with
methadone for years, yet they cannot function when their
medication is discontinued.

Of course, there are former opiate addicts who can
maintain a stable, opiate-free existence. A medication that
can aid in the maintenance of the opiate-free state is nal-
trexone, a specific opiate antagonist. Although it seems
paradoxical in view of the analogy with endocrine dis-
orders, there are patients who can live comfortably for
years taking a medication that blocks opiate receptors. If a
former addict “slips” and takes a dose of heroin or other
opiates while taking maintenance naltrexone, the effects
will be neutralized. Many report no craving while taking
naltrexone, possibly because they learn that opiates are
simply unavailable because of the receptor blockade (8).
There is no aversive consequence to taking heroin, simply
a lack of pleasurable effect. Of course, oral naltrexone has
been poorly accepted by typical heroin addicts, although
it has been very useful in the treatment of physicians and
other medical personnel with opiate addiction. There is
growing acceptance of naltrexone for the prevention of re-
lapse after release from prison (9), and the recent develop-
ment of depot naltrexone preparations (10, 11) suggests
that this medication may yet have a larger impact on the
treatment of opiate addiction.

Other Addictions

Although maintenance on an agonist works well for opi-
ate dependence, the analogy has not been found useful for
dependence on nicotine, alcohol, or stimulants. The first
step in the treatment of these addictions is detoxification,
which can be facilitated by appropriate medications.
Thus, a nicotine patch, nicotine nasal spray, or nicotine
gum reduces withdrawal symptoms in smokers, benzodi-
azepines reliably block alcohol withdrawal symptoms,
and stimulant withdrawal often needs no medication. The
major problem in treatment of all of these conditions is re-
lapse, and this risk of relapse continues for months and
years after detoxification. Even patients who perform ex-
tremely well during inpatient treatment, exhibiting insight
into their drug problems during therapy sessions and a
firm intention to avoid all persons, places, and things as-
sociated with alcohol or other drugs, usually relapse soon
after leaving the program. Thus, aftercare is critical and
should continue for at least a year and preferably longer.

The list in Table 1 includes medications not yet ap-
proved by the FDA and some that have been approved for
other indications but also have had positive results in ran-
domized, clinical trials for addictive disorders. One of the
effects often attributed to these drugs is the reduction of
the strong urge or desire to take the drug. The word “crav-

TABLE 1. Medications Used to Prevent Relapse of an
Addictive Disorder

Addictive Substance 
or Potential for Addiction Medication
Heroin Methadonea, buprenorphinea

Alcohol Naltrexonea, acamprosatea, 
disulfirama, topiramateb

Nicotine Bupropiona, nicotine 
replacementa, rimonabant

Cocainec Disulfiramb, topiramateb, 
modafinilb, propranololb, 
baclofenb

Potential for cocaine 
or alcohol addiction

Rimonabant

Potential for alcohol addiction Ondansetron
a Approved by the Food and Drug Administration (FDA) for this

indication.
b Approved by the FDA for another indication.
c No medication is currently approved by the FDA for this indication.
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ing” is usually assigned to this feeling. So far, no medi-
cation has been approved for the specific indication of
“anticraving,” and indeed, even the concept of craving is
controversial. In clinical trials, however, reductions in
craving usually predict reduced drug use or maintenance
of abstinence. Craving has been measured in a variety of
ways, from a 100-mm Likert scale (12) to a more complex
questionnaire (13). Some have argued that “craving” is not
a useful concept (14), and certainly, no one would claim
that drug use never occurs without a conscious craving or
that craving always leads to drug use. Some compulsive
drug use has an automatic quality without a conscious
buildup of desire. Yet most former addicts recognize a state
of intense desire for drugs that may be triggered by envi-
ronmental cues or that appear spontaneously. Despite the
controversy, craving has been measured in many clinical
trials, and there is at least some evidence to support an an-
ticraving effect for the medications listed in Table 1.

Naltrexone as a Model 
Anticraving Medication

A good example of an anticraving medication is naltrex-
one for the treatment of alcoholism. Naltrexone was devel-
oped for the treatment of opiate addiction and was only
applied to alcoholics because of animal studies showing
that alcohol activated the endogenous opioid system (15).
It was tested in a series of open trials in the 1980s and sub-
sequently in a randomized, controlled trial in the alcohol
program of the Philadelphia Veterans Administration
Medical Center (12, 16). After replication at another site
(17), the FDA added alcoholism to the indications for nal-
trexone. It is interesting to note that both of these first two
studies measured craving for alcohol, and it was lower in
the group randomly assigned to naltrexone (who also
drank less alcohol).

In recent years, animal models of addiction relapse have
been developed. The animal is allowed to establish consis-
tent drug-taking behavior and then is withdrawn from the
drug. After a period of abstinence, it is tested for reinstate-
ment (relapse) of drug taking. Relapse test procedures fall
into three categories: stress, conditioned cues, and drug
priming. Stress is modeled by small amounts of foot shock
that provoke reinstatement of drug taking. Conditioned
cues are stimuli (sound, light, and odor) that previously
have been paired with drug availability, and drug priming
involves giving a small dose of the drug the animal was
taking. With these procedures, the animal quickly rein-
states the prior level of response to the drug. Medications
can be tested in these animal models, and so far, they are
proving to be fairly predictive of the response in patients.

Naltrexone is an example of a medication that consis-
tently reduces alcohol consumption in animals. It appears
to do so by blocking opiate receptors that modulate the re-
lease of dopamine in the reward system, specifically, the
nucleus accumbens (18). Alcohol alone increases extracel-

lular dopamine in the nucleus accumbens, but in animals
pretreated with naltrexone, the alcohol-induced dopa-
mine increase is blocked. Further evidence of the role of
the endogenous opioid system in alcohol reward is that
mu receptor knockout mice do not self-administer alcohol
(19).

Dopamine has not been measured directly in humans
given alcohol, but there are studies that are consistent
with the hypothesis that alcohol releases endogenous opi-
oids that are involved in the activation of neurotransmit-
ters, such as dopamine, resulting in the rewarding effects
of alcohol. Gianoulakis et al. (20) reported that test doses
of alcohol produce significantly larger increases in plasma
beta endorphin in nonalcoholic volunteers with a family
history of alcoholism than in volunteers with no alcohol-
ism in their family backgrounds. Although this is a pitu-
itary response and is not necessarily reflective of central
endogenous opioids, a parallel CNS effect is suggested by
reports of naltrexone blockade of the stimulation or a
“high” produced by alcohol in volunteers with a family
history of alcoholism. Volunteers with no family history of
alcoholism did not report stimulation from alcohol (21).
Furthermore, during randomized, controlled trials, pa-
tients randomly assigned to naltrexone reported that
when they slipped and drank alcohol, the expected high
was blocked (22, 23). Thus, both animal data and clinical
studies support the hypothesis that the endogenous opi-
oid system is involved in the subjective effects of alcohol.

The animal models of relapse indicate that naltrexone
blocks cue-induced relapse but is less effective against
stress-induced relapse (24). In human alcoholics, most
studies have examined the effects of naltrexone or placebo
in combination with some form of counseling or psycho-
therapy in the prevention of relapse to clinically signifi-
cant drinking. In these studies, relapse could be related to
stress, cues, the priming effect of a small dose of alcohol,
or other nonspecified factors. A large majority of ran-
domized, controlled trials found that patients who were
randomly assigned to naltrexone had significantly fewer
relapses than the placebo groups, but the reasons for re-
lapses are usually not known. One study, however, exam-
ined the effects of naltrexone on cues for alcohol drinking
and found a reduction in the urge to drink in response to
alcohol cues (25) and improved outcome at 1 year (26).

Craving is based on subjective reports, and no animal
model has yet been developed to study this human phe-
nomenon. There is evidence, however, that the dopamine
system can be conditioned so that cues previously associ-
ated with drug availability can activate the reward system.
This has been reported in humans by using brain imaging
(27, 28) and in animals by using microdialysis. An example
of the latter is the work of Gonzales and Weiss (18), who
demonstrated an increase in dopamine levels in the nu-
cleus accumbens as soon as an animal was placed in a
chamber where it expected to have access to alcohol. Nal-
trexone did not block this conditioned dopamine increase,
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but it did block the pharmacological increase in dopamine
produced by alcohol. In humans during randomized, con-
trolled trials, naltrexone was reported to suppress craving
compared to alcoholics given placebo in several studies
where craving was measured (e.g., references 12, 17, 29).

One of the most elegant models for studying the effects
of a priming dose of alcohol on craving in humans was de-
veloped by O’Malley and colleagues (30). Nontreatment-
seeking alcoholics who were pretreated with naltrexone or
placebo were given a single priming drink of alcohol in the
laboratory. Those receiving naltrexone had lower craving
levels at baseline, and craving did not significantly change
after alcohol priming. The placebo-treated patients re-
ported higher craving at baseline, and craving was signifi-
cantly increased by the priming drink. The reports of crav-
ing correlated well with drinking behavior because alcohol
was made available to the participants as part of the ex-
periment. Participants had the choice of more alcoholic
drinks or money instead of each drink after the priming
drink. The placebo group chose to drink significantly
more than the naltrexone group, resulting in a progres-
sively increasing blood alcohol level, whereas the naltrex-
one group reported less craving during alcohol availabil-
ity, consumed fewer drinks, and drank them more slowly
when they did drink. This human laboratory study was re-
markable in that it produced results consistent with both
animal models and clinical trials. A human laboratory
model for stress-induced relapse has also been reported
but has not yet been used to test medications (31).

A major problem with all outpatient treatments of long
duration, whatever the diagnosis, is variability of adher-
ence to a medication regimen. Obviously, a medication
cannot help if it is not taken regularly. Naltrexone, despite
a plasma half-life of only 10–12 hours (including its active
metabolite), has activity at mu opiate receptors in the hu-
man brain for over 48 hours (32; unpublished 2004 paper
by M.E. McCaul et al.). However, activity at delta receptors
is less and more variable, and the duration of activity at
kappa opiate receptors is unknown. Activity at all three
types of receptors may be essential for full clinical benefit
(33), and thus, a daily dose of naltrexone is recommended.
Several studies have shown efficacy in preventing relapse
only if patients not taking naltrexone regularly are ex-
cluded (34, 35). Despite heterogeneity among alcoholics
and problems of variable medication adherence, the num-
ber of randomized, controlled trials finding naltrexone ef-
fective in alcoholics greatly outnumbers the negative tri-
als. To address the problem of adherence, a major advance
in the clinical usefulness of naltrexone is currently under-
way with the introduction of depot formulations. These
new formulations provide active blood levels for 30–40
days after a single injection (10, 11). FDA approval of one
of these formulations is expected within the next 2 years
and will greatly facilitate the treatment of both alcoholism
and heroin addiction.

Heredity has been found to play a major role in all forms
of drug addictions. Although alcoholism has received the
most attention, nicotine, heroin, and cocaine all have
been shown to be influenced by heredity (36). Genes
clearly influence the pharmacological effects of alcohol.
The well-known alcohol-flushing reaction has been
shown to be mediated by the genes for both alcohol dehy-
drogenase and aldehyde dehydrogenase (37), and the risk
of developing alcoholism varies as expected, according to
the severity of the genetically determined flushing after al-
cohol ingestion. Heredity also influences the behavioral
sensitivity to alcohol. A low response to alcohol (toler-
ance) was found to be more common in the sons of alco-
holics, and this tolerance predicted a fourfold increase in
the risk of developing alcoholism within 10 years (38). As
described, volunteers with a family history of alcoholism
also showed a greater beta endorphin response to alcohol
(20) and a greater stimulation effect from alcohol (21). In
the laboratory study by King et al. (21), naltrexone was
found to block stimulation in the volunteers with a family
history of alcoholism. These human laboratory findings
are consistent with animal laboratory data and data from
clinical trials.

Heterogeneity of Response

If we consider the evidence for a genetic component to
addictive disorders, it is not surprising that there are a
wide variety of responses to anticraving medications.
Among alcoholics, there appears to be a subgroup that re-
sponds to alcohol with an increase in plasma beta endor-
phin and probably a similar increase in CNS endogenous
opioids that can be neutralized by an opiate receptor an-
tagonist. Although there is no practical way to identify this
subcategory at present, analyses of randomized, con-
trolled trials have provided some help to clinicians. Thus,
a strongly positive family history of alcoholism points to a
poor prognosis for a placebo group but a good response to
treatment with naltrexone (39, 40). Similarly, the subgroup
of alcoholics that reported a high level of alcohol craving
did poorly when they were randomly assigned to placebo
but achieved a good response to naltrexone therapy (40).
Previous typologies of alcoholism focused on age at onset
and clinical characteristics (41–43) have not been studied
with respect to naltrexone response.

Obviously, greater precision is desirable in the selection
of patients for naltrexone treatment. One potential ad-
vance would be to identify alcoholics likely to respond to
treatment involving the blockade of opiate receptors. The
activation of the endogenous opioid system by alcohol
could vary according to the opioid peptides released (44)
and according to the sensitivity of the opiate receptors. A
number of polymorphisms have been identified for the
gene encoding the mu opiate receptor, and one of them,
the Asp40 variant, has been found to have high affinity for
beta endorphin in vitro (45) and altered function during in



Am J Psychiatry 162:8, August 2005 1427

CHARLES P. O’BRIEN

http://ajp.psychiatryonline.org

vivo studies (46, 47). Alcoholics with this variant who were
enrolled in randomized, controlled trials had a poor out-
come when they were randomly assigned to placebo but a
good outcome when they received naltrexone (48). Of
course, there is evidence from animal studies that the
blockade of delta and kappa opiate receptors, in addition
to mu receptors, is involved in the effects of naltrexone on
alcohol drinking (33). Nevertheless, the finding of a geno-
type that predicts success with naltrexone, if replicated,
will provide a pharmacogenetic tool to enhance the
matching of patients to treatment and encourage the
search for additional functional polymorphisms.

Other Anticraving Medications

Naltrexone is a particularly interesting medication in
that its usefulness was discovered in animal models, and
there is a remarkable consistency among studies in the
preclinical laboratory, the human laboratory, and the
clinic. The other medications listed in Table 1 have been
the subject of fewer studies but show great promise. They
will be described briefly to provide an overview of the rest
of the members of the “anticraving” class.

Alcoholism

In addition to naltrexone, the clinician has three other
medication options to aid in the treatment of alcoholism.
Acamprosate was approved by the FDA for the treatment
of alcoholism in 2004. This medication has multiple ac-
tions, including a decrease in glutamate release, a de-
crease in calcium ion influx through voltage-dependent
calcium channels, a decrease in N-methyl-D-aspartic acid
(NMDA) receptor excitability, and an increased level of
taurine, an inhibitory neurotransmitter (49). Because
acamprosate’s effects on craving do not directly involve
the endogenous opioid system, the addition of naltrexone
should provide additive benefit. The combination showed
increased efficacy in one alcoholism study in Europe (50),
and the combination is currently the subject of a large trial
in the United States.

A third option is disulfiram, the first drug that was ap-
proved for the prevention of relapse in alcoholism. This is
a medication that does not specifically block craving, al-
though, if taken regularly, it may simplify the daily struggle
against urges toward alcohol. Disulfiram blocks the en-
zyme alcohol dehydrogenase so that if the patient takes a
drink, acetaldehyde is produced, causing a very unpleas-
ant flushing reaction. In large randomized, controlled tri-
als, disulfiram has not been effective because of the lack of
medication adherence (51), but in situations where it can
be prescribed with daily monitoring of ingestion, it can be
useful.

A fourth option, although only approved by the FDA for
seizure disorders, is topiramate. This γ-aminobutyric acid
(GABA)-ergic medication has been found in a single ran-

domized, controlled trial to significantly reduce drinking
in alcoholics (52). Additional studies are in progress.

One other promising medication, the serotonin 5-HT3

antagonist ondansetron, is not available for prescription
as an oral medication. It has FDA approval for the treat-
ment of nausea by the parenteral route, but a randomized,
controlled trial with a special formulation for research in
alcoholics found a significant reduction in drinking for
early-onset alcoholics (53). This early-onset subtype is
postulated to have greater involvement of the serotonergic
system, with a higher probability of antisocial behavior.
Additional clinical trials are indicated.

Nicotine Addiction

Clinicians currently have two types of medication to aid
in the treatment of tobacco use disorder, arguably the
most important addiction. Bupropion and nicotine re-
placement can be given in a coordinated fashion to pro-
vide the best available results. Bupropion is well known as
an antidepressant, but an astute clinician noted that it had
a specific effect on nicotine craving (54). It has subse-
quently been found in randomized, controlled trials to be
the single most effective treatment for cigarette smoking.
In combination with the nicotine patch, the success rate
for smoking cessation has improved. After a week of taking
bupropion, a smoker can set a quit date and use nicotine
replacement in the form of a patch, gum, or nasal spray to
ease withdrawal symptoms.

Additional medications that aid in the treatment of nic-
otine addiction are in clinical trials. One that is advanced
in the FDA approval process is rimonabant. This medica-
tion is similar to naltrexone in that it acts specifically by in-
terfering with the function of a physiological system that
has widespread but poorly understood normal functions:
the endogenous cannabinoid system. Cannabinoid (CB-1)
receptors are widely distributed throughout multiple
brain systems and, based on animal studies, they play a
critical role in memory, motor control, pain perception,
and many other functions. Rimonabant is a specific antag-
onist to CB-1 receptors and has been tested in a variety of
animal models. Besides blocking the psychoactive effects
of marijuana, this medication has effects in the absence of
external marijuana because it blocks endogenous canna-
binoids. Under certain conditions, this medication can re-
duce food intake, alcohol intake, and block reinstatement
of cocaine and heroin self-administration (55–57). Ran-
domized, controlled trials have now been completed in
smokers and in obese persons. Although the results have
not yet been published, they have been presented at meet-
ings and indicate that rimonabant is effective for patients
wishing to lose weight and for patients wishing to stop
smoking. This drug is advancing through the FDA ap-
proval process, and although it is too early to call it an an-
ticraving medication, animal data and early clinical trials
point to that classification. Moreover, there is an indica-
tion that it will have a general usefulness in reducing ap-
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petite for food as well as the craving for a range of drugs,
including nicotine, alcohol, cocaine, and heroin.

Cocaine Addiction

There is a very active drug discovery program supported
by the National Institute on Drug Abuse to develop medi-
cations for cocaine addiction, but there are still no FDA-
approved medications for this indication. Animal models
have generally not replicated the bingeing pattern dis-
played by human addicts. Low, intermittent doses in ro-
dents have demonstrated behavioral sensitization. This
means that the same dose produces progressively increas-
ing motor activity instead of decreased activity or toler-
ance. This sensitization is hypothesized to play a major
role in compulsive drug seeking in humans (58). In human
addicts, there is subjective evidence of tolerance and no
clear signs of sensitization, although some have specu-
lated that stimulant psychosis represents a form of sensiti-
zation. Since only 16% of those who try cocaine develop
addiction (59), perhaps the majority of users experience
sensitization as unpleasant and stop using cocaine.

Recently, however, five different medications already
approved for other purposes have been found in random-
ized, controlled trials to be effective among cocaine addicts.

Disulfiram was initially tested by Carroll and colleagues
(60) in patients suffering from alcohol abuse and depen-
dence coexisting with cocaine dependence. They discov-
ered, however, that the medication was also helpful to
those who met criteria for cocaine addiction alone, with no
significant accompanying alcohol problem. The mecha-
nism whereby disulfiram reduces the frequency of cocaine
use is unknown, but it does not appear to be related to the
prevention of alcohol use. Rather, abusers of cocaine—but
not alcohol—showed more benefits from disulfiram than
those with a history of combined alcohol/cocaine abuse or
dependence. The mechanism for this effect is unknown,
but disulfiram is known to increase plasma concentrations
of cocaine three- to sixfold (61) and to inhibit dopamine
beta hydroxylase (62), thus increasing the effects of co-
caine and possibly making cocaine use aversive.

Modafinil, approved for the treatment of narcolepsy, has
been found by two groups to reduce the high from cocaine
and to reduce cocaine craving (63). After positive results
from an open trial, the results from a randomized, con-
trolled trial were also positive (64), and a multiclinic trial is
in progress. The mechanism of action of modafinil is un-
known, but it does increase glutamate levels in the brain,
thus reversing the effect of chronic cocaine use, as mea-
sured in animal models (65). Modafinil is very well ac-
cepted by patients, who report a reduction of cocaine
withdrawal symptoms and a blunting of the effects of co-
caine if they begin to relapse while taking the medication.
The medication has not been reported to produce eupho-
ria, and there has been no indication of excessive use or
abuse in clinical trials (64).

Propranolol, a beta-blocker, was found in a randomized,
controlled trial to significantly reduce relapse in cocaine
addicts with high cocaine withdrawal scores (66), and con-
firmatory work is in progress. It was selected for a random-
ized, controlled trial because of its demonstrated effect on
stress-related memories and the hypothesis that this might
reduce the strength of cocaine-conditioned relapse cues.

A final category of anticraving relapse-prevention med-
ications to consider is that of GABA-enhancing medica-
tions. GABA is the principal inhibitory neurotransmitter in
the brain, and these drugs were originally developed for
the treatment of seizure disorders. Subsequently, they
were shown to be beneficial as mood stabilizers. More re-
cently, they have been found to have benefit in the treat-
ment of addictive disorders. Topiramate (already men-
tioned) was reported to reduce relapse in alcoholics (52)
and in cocaine addicts (67). A limiting side effect of this
medication is the production of reversible cognitive im-
pairment, necessitating very slow titration of the drug to
therapeutic levels. At present, topiramate is the subject of
additional clinical trials, and it is prescribed cautiously by
some clinicians for selected cases of cocaine or alcohol
dependence.

An even more potent medication for augmenting the
GABA system is vigabatrin, an inhibitor of GABA transam-
inase. This results in very high levels of GABA that makes it
effective for control of infantile spasms but produces vi-
sual scotomata in up to 30% of the patients receiving the
medication. In animal models, it was very effective as an
anticraving relapse-prevention medication (68) and in a
preliminary study in human cocaine addicts (69). How-
ever, vigabatrin trials have been suspended in the United
States because of concerns over problems with the visual
field. This category of medications is very promising, how-
ever, and research is underway to find nontoxic medica-
tions that increase GABA and reduce drug craving. The
GABA B agonist baclofen has also been reported to reduce
cocaine use (70), and it is now the subject of a multiclinic
trial.

Summary

The major problem facing clinicians who treat patients
with addictive disorders is relapse. Addiction is a chronic
disorder that requires long-term treatment, and in recent
years, medications have been developed that add to the
benefits of psychosocial interventions for the prevention
of relapse. These medications generally reduce drug crav-
ing and reduce the likelihood of relapse to compulsive
drug use. Animal models have been useful in the develop-
ment of these medications, and there is consistency
among the results of animal models, human laboratory
tests, and clinical trials. Naltrexone is an example of a
medication that blocks opiate receptors and was devel-
oped as a treatment for heroin addiction. Through animal
models, it was discovered to have a role in the treatment of
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one subcategory of alcoholism. Another line of research
has discovered a role for medications that affect the en-
dogenous cannabinoid system. Other examples of medi-
cations both currently available and still in development
are discussed in this review.

Despite clinical trials that show benefit, anticraving
medications are not well known and are underused by
clinicians. Addiction is a heterogeneous condition with
variability in reactivity to the drug of abuse and to the
medications available to treat it. Recent developments in
pharmacogenetics may result in improved selection of
medications based on genotype.
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